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1
TOUCH PANEL AND METHOD OF
FORMING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a touch panel and a
method of forming the same.

2. Description of the Related Art

Due to the popularity of computers, keyboards and optical
mice, such devices have become some of the most com-
monly used data input apparatuses. However, because they
are bulky and inconvenient to carry, a touch input device that
can be combined with a screen is additionally being devel-
oped.

A touch panel can be operated either directly by a finger
or by a stylus. A touch panel is a humanized input device that
allows contact on a specific area on a panel to input a
command The trend of developing light, thin, short and
small electronic products with complex functions has
resulted in such electronic products having reduced space
for housing additional parts; therefore, having a touch panel
that occupies less space is suitable. In addition to simulta-
neously providing the functions of a keyboard and an optical
mouse, a touch panel allows handwriting. Therefore, the
touch panel is a best choice as a human-machine interface.

According to their operating principles, touch panels can
be categorized into resistive, capacitive, optical, and surface
acoustic wave types. A resistive type panel has a disadvan-
tage of having low light transmittance; therefore, its bright-
ness and contrast are low. A capacitive panel is easily
affected by panel temperature and humidity, and its detection
result varies with the ground voltage level; therefore, the
capacitive panel has poorer stability. In addition, a capaci-
tive panel cannot have a detection result if a nonconductor
is used to operate. The resolution of an optical touch panel
is determined by the number of infrared emitters and cor-
responding receivers applied on the optical touch panel;
therefore, the resolution of an optical touch panel is
restricted. A surface acoustic wave panel uses a transmit
transducer to emit a surface wave and a receive transducer
to receive the surface wave, and the surface acoustic wave
panel determines a touch location according to the relation-
ship between signal strength and time. U.S. Pat. No. 4,644,
100 discloses a surface acoustic wave touch device employ-
ing a single transmitting transducer and a single receiving
transducer. Since sound waves are quite fast, a high speed
signal processor and high performance analog/digital con-
verter is required and results in high cost. However, lower-
ing the cost will compromise the resolution.

The present touch panels still have several disadvantages
and require further improvements.

SUMMARY OF THE INVENTION

In one embodiment of the present invention, a touch panel
comprises a substrate, a plurality of transparent drive elec-
trodes arranged in a matrix and formed on the substrate, a
plurality of transparent sensing electrodes arranged in a
matrix and formed on the substrate, and a plurality of basic
sensing-units arranged in a matrix and formed on the sub-
strate. Each sensing-unit comprises a pressure-sensing tran-
sistor and a selection transistor. The pressure-sensing tran-
sistor comprises a first terminal, a second terminal, a channel
connecting the first and second terminals, a dielectric layer
formed on the channel, and a piezoelectric material formed
on the dielectric layer. The piezoelectric material comprises
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PVDF (polyvinylidene fluoride or polyvinylidene difluo-
ride), or a mixture of PVDF and any one of lead zirconate
titanate, zinc oxide, barium titanate, lithium niobate, or lead
titanate. The selection transistor is formed on the substrate.
The selection transistor comprises a first terminal, a second
terminal, and a third terminal. The first terminal of the
selection transistor connects to a corresponding one of the
sensing electrodes, the second terminal of the selection
transistor connects to the first terminal of the pressure-
sensing transistor, and the third terminal of the selection
transistor is a transistor gate and connects to a corresponding
one of the drive electrodes.

In one embodiment of the present invention, a method of
forming a touch panel comprises forming a first conductor
layer on a substrate; forming a semiconductor layer, corre-
sponding to the first conductor layer, on the substrate,
wherein the semiconductor layer comprises a channel; form-
ing a first terminal and second terminal on the substrate,
wherein the first terminal and second terminal connect to the
channel; forming a piezoelectric material corresponding to
the first conductor layer; forming a second conductor layer
corresponding to the first conductor layer; and applying a
voltage between the first conductor layer and the second
conductor layer to generate a polarization of the piezoelec-
tric material.

BRIEF DESCRIPTION OF THE DRAWINGS

The objectives and advantages of the present invention
will become apparent upon reading the following descrip-
tion and upon referring to the accompanying drawings in
which:

FIG. 1 schematically shows a touch panel according to
one embodiment of the present invention;

FIG. 2 schematically shows a selection transistor and a
pressure-sensing transistor, which are connected in series;

FIG. 3 is a cross-sectional view along line 3-3 of FIG. 2;

FIG. 4 schematically shows an amplifier circuit according
to one embodiment of the present invention;

FIG. 5 schematically shows an amplifier circuit according
to another embodiment of the present invention;

FIG. 6 is a cross-sectional view showing a pressure-
sensing transistor according to another embodiment of the
present invention;

FIG. 7 is a cross-sectional view showing a pressure-
sensing transistor according to another embodiment of the
present invention; and

FIG. 8 is a cross-sectional view showing a pressure-
sensing transistor according to another embodiment of the
present invention.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 schematically shows a touch panel 1 according to
one embodiment of the present invention. Referring to FIG.
1, the touch panel 1 comprises a plurality of basic sensing-
units 11 arrayed in a matrix. The plurality of basic sensing-
units 11 can be arranged, but is not limited to being, on a
substrate 10. A plurality of drive electrodes 12 and a
plurality of sensing electrodes 13 are formed on the substrate
10 and separate the sensing-units 11. Each sensing-unit 11
connects to an adjacent drive electrode 12 and an adjacent
sensing electrode 13. The sensing unit 11 is configured to
sense a touch position, or a single touch region or multi-
touch positions (or regions). The drive electrode 12 and the
sensing electrode 13 can be made of a transparent conductor,



US 9,465,475 B2

3

such as indium tin oxide, so that the substrate 10 is trans-
parent. A scanning voltage can be applied to the electrodes
of each of two sets of drive electrodes 12 and sensing
electrodes 13 one after another so as to retrieve a signal
stored in each sensing unit 11. Accordingly, a touch position,
a single touch region, or multi-touch regions (or positions)
can be determined.

In one embodiment, the substrate 10 is made of a non-
semiconductor material.

Referring to FIG. 1, each sensing-unit 11 comprises a
selection transistor 111 and a pressure-sensing transistor
112. The selection transistor 111 and the pressure-sensing
transistor 112 can be formed on the substrate 10 and can be
connected in series.

Preferably, the selection transistor 111 comprises a first
terminal (or a source) 1111, a second terminal (or a drain)
1112, and a third terminal (or a gate) 1113. The pressure-
sensing transistor 112 comprises a first terminal (a source)
1121, a second terminal 1122 (or an end (P1, P2, or P3), as
shown in FIG. 1; a drain), and a T end (FIG. 1), which is a
terminal for polarizing a piezoelectric material. The first
terminal 1111 of the selection transistor 111 connects to an
adjacent sensing electrode 13. The second terminal 1112
connects to the first terminal 1121 of the pressure-sensing
transistor 112. The third terminal 1113 can be a gate terminal
and can connect to an adjacent drive electrode 12. When a
scanning voltage is applied to a drive electrode 12, corre-
sponding selection transistors 111 are activated, and each
activated selection transistor 111 allows charges to flow into
a corresponding pressure-sensing transistor 112 when a
voltage is applied to a corresponding sensing electrode 13.
When pulse voltages are periodically applied to the drive
electrodes 12 and the sensing electrodes 13, the pressure-
sensing transistors 112 can be scanned to detect if there is
any current flowing through each pressure-sensing transistor
112. Accordingly, a touch position, a single touch region, or
multi-touch regions (or positions) can be detected.

In one embodiment, the selection transistor 111 comprises
a p-type metal oxide semiconductor transistor. In one
embodiment, the selection transistor 111 comprises an
n-type metal oxide semiconductor transistor. In one embodi-
ment, the pressure-sensing transistor 112 comprises a p-type
metal oxide semiconductor transistor. In one embodiment,
the pressure-sensing transistor 112 comprises an n-type
metal oxide semiconductor transistor.

Referring to FIGS. 2 and 3, the pressure-sensing transistor
112 comprises a channel 1120, which connects to the first
terminal 1121 and the second terminal 1122. The pressure-
sensing transistor 112 can further comprise a piezoelectric
material 1124 and an insulation layer 1125. The insulation
layer 1125 is formed on the channel 1120 and the piezo-
electric material 1124 is formed on the insulation layer 1125.

A plurality of black matrix materials 15 can be formed on
the substrate 10. The black matrix material 15 can be a
conductive layer. The black matrix material 15 can be a light
blocking metal layer. In one embodiment, each black matrix
material 15 is disposed below a corresponding pressure-
sensing transistor 112. In one embodiment, each black
matrix material 15 is disposed under a corresponding pres-
sure-sensing transistor 112 and a corresponding selection
transistor 111 so as to prevent light interference on the
transistors. In one embodiment, the black matrix material 15
comprises chrome or nickel-chrome alloy. In one embodi-
ment, the black matrix material 15 can shield electromag-
netic waves. In one embodiment, the black matrix material
15 can be grounded and used with the T ends to polarize the
piezoelectric materials.
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In one embodiment, the pressure-sensing transistor 112
comprises an n-type metal oxide semiconductor transistor.
The method of polarizing the piezoelectric material 1124 is
described as follows: a suitable negative voltage is applied
between the gate (i.e., T end) 1127 of the pressure-sensing
transistor 112 and the corresponding black matrix material
15 so as to pole the piezoelectric material 1124 in an upward
direction. In other words, positive charges are collected
above the insulation layer 1125 and attract a small amount
of negative charges to an upper surface of the channel 1120
of the pressure-sensing transistor 112, which causes the
pressure-sensing transistor 112 to be close to a threshold of
current conduction and have a current of less than 1 micro-
ampere (may not limited) flowing through. Consequently,
when the pressure-sensing transistor 112 is touched, the
strength of the upward polarization increases and more
negative charges reside near the upper surface of the channel
1120. As a result, the pressure-sensing transistor 112 is
closed and allows larger currents of more than 10 micro-
amperes (may not limited) to flow through the channel 1120.

In another embodiment, the pressure-sensing transistor
112 comprises a p-type metal oxide semiconductor transis-
tor. The method of polarizing the piezoelectric material 1124
is described as follows: a suitable positive voltage is applied
between the gate 1127 of the pressure-sensing transistor 112
and the corresponding black matrix material 15 so as to pole
the piezoelectric material 1124 in a downward direction. In
other words, negative charges are collected above the insu-
lation layer 1125 and attract a small amount of positive
charges to an upper surface of the channel 1120 of the
pressure-sensing transistor 112, which causes the pressure-
sensing transistor 112 to be close to a threshold of current
conduction and have a current of less than 1 microampere
(may not limited to) flowing through. Consequently, when
the pressure-sensing transistor 112 is touched, the strength
of the polarization increases and more positive charges
reside near the upper surface of the channel 1120. As a
result, the pressure-sensing transistor 112 is closed and
allows larger currents of more than 10 microamperes (may
not limited to) to flow through the channel 1120.

In one embodiment, the piezoelectric material 1124 com-
prises a polymer piezoelectric material. In one embodiment,
the piezoelectric material 1124 comprises polyvinylidene
fluoride or polyvinylidene difluoride (PVDF). In one
embodiment, the piezoelectric material 1124 only has
PVDF. In one embodiment, the piezoelectric material 1124
comprises a mixture which comprises PVDF and any one of
the following materials: lead zirconate titanate (PZT), zinc
oxide (ZnO), barium titanate (BaTiO;), lithium niobate
(LiNDbO;), and lead titanate (PbTiO;).

Referring back to FIG. 1, the second terminal 1122 of the
pressure-sensing transistor 112 of each sensing unit 11 may
connect to an amplifier circuit 14, which is configured to
amplify a current signal read out from the corresponding
pressure-sensing transistor 112.

In one embodiment, referring to FIG. 4, the amplifier
circuit 14 may comprise an inverting amplifier connected
with resistors Rf and R1, wherein the ratio Rf/R1 is adjust-
able so as to amplify the output voltage of the pressure-
sensing transistor 112. In another embodiment, as shown in
FIG. 5, the amplifier circuit 14 comprises a charge amplifier.
The amplifier circuit 14 comprises an operation amplifier
141, a first switch S1, a second switch S2, and a capacitor
142. The capacitor 142 connects to an input terminal 1411
and an output terminal 1412 of the operation amplifier 141.
The first switch S1 connects to the input terminal 1411 of the
operation amplifier 141 and the second terminal 1122 (or an
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output terminal) of the corresponding pressure-sensing tran-
sistor 112. The second switch S2 and the capacitor 142 are
connected in parallel. In one embodiment, during open and
closed operations, the first switch S1 is out of phase with the
second switch S2. In other words, when the second switch
S2 is closed, the first switch S1 is open, and at the moment,
the corresponding capacitor 142 discharges; alternatively,
when the first switch S1 is closed and the second switch S2
is open, charges in the pressure-sensing transistor 112 will
flow to the capacitor 142; thus, the charge output of the
pressure-sensing transistor 112 can be converted into a
voltage, and a touch position, a single touch region, or
multi-touch regions (or positions) can be detected on the
panel.

In particular, as shown in FIG. 3, when the panel is
touched, the piezoelectric material 1124 of the pressure-
sensing transistor 112 is pressed, electricity can flow through
the channel 1120 of the pressure-sensing transistor 112, and
at that moment, if the corresponding selection transistor 111
is activated, a current can flow from the corresponding
sensing electrode 13, through the corresponding pressure-
sensing transistor 112, and to the amplifier circuit 14.
Alternatively, if the piezoelectric material 1124 of the pres-
sure-sensing transistor 112 is untouched, a current cannot
flow through the corresponding pressure-sensing transistor
112. By examining current from a pressure-sensing transis-
tor 112, it can be determined whether the pressure-sensing
transistor is touched or not, and a touch position, a single
touch region, or multi-touch regions (or positions) can be
determined accordingly.

Referring to FIG. 3, the channel 1120 is a semiconductor
layer. In one embodiment, the first terminal 1121 partially
contacts an upper surface of the semiconductor layer 1120.
The second terminal 1122 partially contacts the upper sur-
face of the semiconductor layer 1120. In one embodiment,
the first terminal 1121 and the second terminal 1122 of the
pressure-sensing transistor 112, the piezoelectric material
1124, and the channel 1120 are partially overlapped in a
vertical direction, and such design can significantly lower
the resistance of the depletion layer adjacent to the second
terminal, decrease power consumption, and increase
response speed when the pressure-sensing transistor 112 is
activated.

In one embodiment, the semiconductor layer 1120 com-
prises amorphous silicon, polysilicon, or monocrystalline
silicon. The semiconductor layer 1120 may be doped with
p-type impurities or trivalent elements to form a p-type
semiconductor layer. Alternatively, the semiconductor layer
1120 may be doped with n-type impurities or pentavalent
elements to form an n-type semiconductor layer.

The piezoelectric material 1124 is separated from the first
and second terminals 1121 and 1122 of the pressure-sensing
transistor 112 and the semiconductor layer 1120 by an
insulation layer 1125. The insulation layer 1125 can be made
of an insulation layer having a high dielectric constant so
that the sensitivity of the panel can be improved. In one
embodiment, the insulation layer 1125 may comprise alu-
minum oxide. In one embodiment, the insulation layer 1125
comprises titanium dioxide. In one embodiment, the insu-
lation layer 1125 comprises zirconium dioxide.

Referring to FIG. 3, the piezoelectric material 1124 may
be covered by another insulation layer 1126. The insulation
layer 1126 can be made of an insulation layer having a high
dielectric constant so that the sensitivity of the panel can be
improved. In one embodiment, the insulation layer 1126
comprises titanium dioxide. In one embodiment, the insu-
lation layer 1126 comprises zirconium dioxide.
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Referring to FIG. 3, the touch panel 1 comprises a circuit
23, which includes a portion connecting with electronic
components of the touch panel 1. The circuit 23 may
comprise a conductor layer 1127, which may be formed on
the insulation layer 1126.

In one embodiment, when the pressure-sensing transistor
112 comprises a n-type metal oxide semiconductor transis-
tor, the first terminal 1121 and the second terminal 1122 of
the pressure-sensing transistor 112 may comprise a semi-
conductor material, such as silicon, and an n-type pentava-
lent material, such as phosphorous. In one embodiment,
when the pressure-sensing transistor 112 comprises an
n-type metal oxide semiconductor transistor, the first termi-
nal 1121 and the second terminal 1122 of the pressure-
sensing transistor 112 may comprise an n-type semiconduc-
tor, such as n-type amorphous silicon, n-type polysilicon, or
n-type single crystalline silicon. In particular, when the
pressure-sensing transistor 112 comprises an n-type metal
oxide semiconductor transistor, the first terminal 1121 and
the second terminal 1122 of the pressure-sensing transistor
112 are formed by using an electron beam (gun) to vapor-
deposit powder formed from a mixture of silicon and
pentavalent material such as phosphorous.

In one embodiment, when the pressure-sensing transistor
112 comprises a p-type metal oxide semiconductor transis-
tor, the first terminal 1121 and the second terminal 1122 of
the pressure-sensing transistor 112 comprises a semiconduc-
tor, such as silicon, and a trivalent material, such as boron.
When the pressure-sensing transistor 112 comprises a p-type
metal oxide semiconductor transistor, the first terminal 1121
and the second terminal 1122 of the pressure-sensing tran-
sistor 112 comprise p-type semiconductors, such as p-type
amorphous silicon, p-type polysilicon, or p-type single crys-
talline silicon. In particular, when the pressure-sensing tran-
sistor 112 comprises a p-type metal oxide semiconductor
transistor, the first terminal 1121 and the second terminal
1122 of the pressure-sensing transistor 112 are formed by
using an electron beam (gun) to vapor-deposit powder
formed from a mixture of silicon and trivalent material, such
as boron.

Referring again to FIG. 3, the selection transistor 111 may
comprise a semiconductor layer 1114, which may comprise
a channel. In one embodiment, the semiconductor layer 1114
comprises amorphous silicon, polysilicon, or single crystal-
line silicon. The semiconductor layer 1114 may be doped
with p-type impurities to form a p-type semiconductor layer;
or may be doped with n-type impurities to form an n-type
semiconductor layer.

Referring to FIG. 3, the substrate 10 may comprise a glass
substrate or a flexible substrate. The substrate 10 has two
major surfaces, which may be covered by silicon dioxide
layers 16 and/or positive photoresist layers 17 for insulating
heat and blocking moisture penetration. In one embodiment,
the sensing units 11 are directly formed on the silicon
dioxide layer. In one embodiment, the sensing units 11 are
directly formed on the photoresist layer 17.

FIG. 6 is a cross-sectional view showing a pressure-
sensing transistor 112a according to another embodiment of
the present invention. Referring to FIG. 6, for each pressure-
sensing transistor 112a, a black matrix material 15 is formed
on the substrate 10. A positive photoresist layer 17 covers
the black matrix material 15. A conductor layer 1127a0f, for
example aluminum or indium tin oxide, is formed on the
positive photoresist layer 17 and corresponds to the black
matrix material 15. An insulation layer 18 covers the con-
ductor layer 1127a. A piezoelectric material 1124a is formed
correspondingly to the conductor layer 1127a and on the
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insulation layer 18. An insulation layer 11254 covers the
piezoelectric material 1124a. A semiconductor layer 1120a
is formed correspondingly to the piezoelectric material
1124a and on the insulation layer 11254. Portions of the first
terminal 11214 and the second terminal 11224 are formed
underneath the semiconductor layer 1120a and directly
connect to the semiconductor layer 1120a. An insulation
material 11264 is formed on the semiconductor layer 1120a
to block moisture penetration. A conductor layer 1128a,
which is used together with another conductor layer 1127a
and functions as a terminal for performing a poling process
to the piezoelectric material 11244, is formed on the insu-
lation material 1126a. The conductor layer 11284 can be
made of aluminum or indium tin oxide.

In one embodiment, the insulation layers 18, 11254, and
11264 can be made of aluminum oxide. Aluminum oxide can
lower the polarized voltage required for poling the piezo-
electric material 1124q. Similarly, in one embodiment, the
insulation layers 18, 11254, and 1126a may be made of
titanium dioxide. Similarly, in one embodiment, the insula-
tion layers 18, 11254, and 11264 may be made of zirconium
dioxide.

FIG. 7 is a cross-sectional view showing a pressure-
sensing transistor 1125 according to another embodiment of
the present invention. Referring to FIG. 7, for each pressure-
sensing transistor 1125, a black matrix material 15 is formed
on the substrate 10. A positive photoresist layer 17 covers
the black matrix material 15. The first terminal 11215 and
the second terminal 112256 are formed on the photoresist
layer 17. An insulation layer 20 is formed between the first
terminal 11215 and the second terminal 11225. A semicon-
ductor layer 112054 is formed on the insulation layer 20 and
portions of the first terminal 11215 and the second terminal
11225, wherein the semiconductor layer 11205 directly
contacts the portions of the first terminal 11216 and the
second terminal 112254. An insulation layer 21 covers the
insulation layer 20 and portions of the first terminal 11215
and the second terminal 112254. An insulation layer 11255
covers the semiconductor layer 11205. A piezoelectric mate-
rial 11245 is formed correspondingly to the semiconductor
layer 11205 and on the insulation layer 11255. An insulation
layer 11265 covers the piezoelectric material 11245. A
conductor layer 11275 made of, for example aluminum or
indium tin oxide, covers the insulation layer 11265 on the
piezoelectric material 11245. The conductor layer 11275 can
be used together with the black matrix material 15 for
performing a poling process to the piezoelectric material
11245.

In one embodiment, the insulation layers 20, 11255, and
11265 may be made of aluminum oxide to lower the voltage
required for poling the piezoelectric material 11245. Simi-
larly, in one embodiment, the insulation layers 20, 11255,
and 11265 may be made of titanium dioxide. Similarly, in
one embodiment, the insulation layers 20, 112556, and 11265
may be made of zirconium dioxide.

FIG. 8 is a cross-sectional view showing a pressure-
sensing transistor 112¢ according to another embodiment of
the present invention. Referring to FIG. 8, the pressure-
sensing transistor 112¢ is similar to the pressure-sensing
transistor 112a of FIG. 6, one major difference is that the
first terminal 1121a and the second terminal 1122¢ of the
pressure-sensing transistor 112¢ extend from an insulation
layer 18 to an upper surface of the semiconductor layer
1120¢ and directly contact the upper surface. Above the
semiconductor layer 1120c¢ is an insulation material 1126c,
and below the semiconductor layer 1120c¢ is an insulation
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material 1125¢. The insulation materials 1125¢ and 1126¢
can block moisture penetration.

Moreover, a conductor layer 1128¢ made of, for example
aluminum or indium tin oxide, is formed on the insulation
material 1126¢. The conductor layer 1128¢ can be used
together with another conductor layer 1127¢ for performing
a poling process to the piezoelectric material 1124c.

In addition, one embodiment of the present disclosure
provides a method of forming a touch panel. The steps of the
method are explained by using the embodiment of FIG. 3;
however, the method is not limited to the embodiment of
FIG. 3. The method can be applied on the embodiments of
FIGS. 6 to 8 and alternative embodiments without departing
from the scope of the following claims. Referring to FIG. 3,
the method forms a black matrix material 15 on a substrate
10. Next, semiconductor layers 1114 and 1120 are formed on
the substrate 10, wherein the semiconductor layers 1114 and
1120 are on the black matrix material 15. Thereafter, a first
terminal 1111, a second terminal 1112, a first terminal 1121
and a second terminal 1122 are formed on the substrate 10,
wherein the first terminal 1111 and the second terminal 1112
have portions contacting the semiconductor layer 1114; and
the first terminal 1121 and the second terminal 1122 contact
the semiconductor layer 1120. Subsequently, insulation lay-
ers 1115 and 1125 are formed on the substrate 10, wherein
the insulation layers 1115 and 1125 respectively cover the
semiconductor layers 1114 and 1120. Further, a piezoelectric
material 1124 is formed on the substrate 100, wherein the
piezoelectric material 1124 is formed on the insulation layer
1125 and corresponds to the black matrix material 15.
Moreover, a circuit 23 including a conductor layer 1127 is
formed on the substrate 10. In addition, a voltage is applied
between the conductor layer 1127 and the black matrix
material 15 (or the conductor layer 1128a of FIG. 6 or the
conductor layer 1128¢ of FIG. 8) so as to perform a poling
process to the piezoelectric material 1124.

In some embodiments, a touch panel comprises a pres-
sure-sensing transistor having a piezoelectric material which
has a property of piezoelectricity and exhibits electrical
potential when it is pressed, and the electrical potential can
activate the pressure-sensing transistor to allow a current to
flow through the pressure-sensing transistor. The location of
a touch can be determined by examining which pressure-
sensing transistor allows a current to flow. In some embodi-
ments, a touch panel comprises a plurality of sensing-units,
and each sensing unit comprises a selection transistor and a
pressure-sensing transistor. The sensing-units can be used to
determine a touch position, a single touch region, or multi-
touch regions (or positions).

The above-described embodiments of the present inven-
tion are intended to be illustrative only. Those skilled in the
art may devise numerous alternative embodiments without
departing from the scope of the following claims.

What is claimed is:

1. A touch panel comprising:

a substrate;

a plurality of transparent drive electrodes arranged in a

matrix and formed on the substrate;

a plurality of transparent sensing electrodes arranged in a
matrix and formed on the substrate; and

a plurality of basic sensing-units arranged in a matrix and
formed on the substrate, each basic sensing-unit com-
prising:

a pressure-sensing transistor comprising a first terminal, a
second terminal, a channel connecting the first and
second terminals, a dielectric layer formed on the
channel, a piezoelectric material formed on the dielec-
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tric layer, wherein the piezoelectric material comprises
PVDF (polyvinylidene fluoride or polyvinylidene dif-
luoride), or a mixture of PVDF and any one of lead
zirconate titanate, zinc oxide, barium titanate, lithium
niobate, or lead titanate; and

a selection transistor formed on the substrate, the selec-

tion transistor comprising a first terminal, a second
terminal, and a third terminal, wherein the first terminal
of the selection transistor connects to a corresponding
one of the sensing electrodes, the second terminal of the
selection transistor connects to the first terminal of the
pressure-sensing transistor, and the third terminal of the
selection transistor is a transistor gate and connects to
a corresponding one of the drive electrodes.

2. The touch panel of claim 1, wherein each pressure-
sensing transistor comprises a semiconductor layer includ-
ing the channel, wherein each of the first and second
terminals of each pressure-sensing transistor partially con-
tacts an upper or lower surface of the corresponding semi-
conductor layer.

3. The touch panel method of claim 2, wherein the
piezoelectric material is on the semiconductor layer.

4. The touch panel of claim 2, wherein the piezoelectric
material is below the semiconductor layer.

5. The touch panel of claim 2, wherein a portion of the
first terminal and a portion of the second terminal of each
pressure-sensing transistor overlap the piezoelectric material
and the channel of the pressure-sensing transistor.

6. The touch panel of claim 1, further comprising a
plurality of amplifier circuits, wherein each amplifier circuit
connects to the second terminal of a corresponding one of
the pressure-sensing transistors.
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7. The touch panel of claim 6, wherein the amplifier
circuit is a charge amplifier.

8. The touch panel of claim 6, wherein each amplifier
circuit comprises an operational amplifier, a first switch, a
second switch, and a capacitor, wherein the capacitor con-
nects to an input and an output of the operation amplifier; the
first switch connects to the input terminal of the operational
amplifier and the second terminal of the corresponding
pressure-sensing transistor; and the second switch and the
capacitor are connected in parallel; wherein the first switch
is out of phase with the second switch.

9. The touch panel of claim 1, further comprising a
plurality of black matrix materials, wherein each black
matrix material is disposed below the corresponding pres-
sure-sensing transistor and the corresponding selection tran-
sistor, wherein each black matrix material comprises chrome
and is grounded.

10. The touch panel of claim 1, wherein when each
pressure-sensing transistor comprises an NMOS transistor,
the first and second terminals of each pressure-sensing
transistor comprise n-type amorphous silicon, polysilicon,
or single crystalline silicon; or, when each pressure-sensing
transistor comprises a PMOS transistor, the first and second
terminals of each pressure-sensing transistor comprise
p-type amorphous silicon, polysilicon, or single crystalline
silicon.

11. The touch panel of claim 1, configured to detect a
touch position or a single touch region, or multi-touch
positions or regions.



